Summary. The incidence, prevalence, and ages and dates of onset of diabetes, were studied in 184 families with 2 or more affected children. Results suggested that the siblings of children who developed diabetes before the age of 16 years were 26 times more likely to develop diabetes than other children. Of all siblings surveyed it was estimated that 5.6% became diabetic by the age of 16. The distribution of ages at onset in these siblings was similar to that in the general population, and within sibships, age at onset appeared to be independently determined. An interval of less than a year between the dates of onset in siblings occurred with more than twice the expected frequency, and in most the interval was less than 6 months. These results suggest that age at onset is determined by non-genetic factors and that, in at least some cases, aetiological environmental factors may lead to the development of diabetes within a period of a few months.
The pathogenesis of insulin-dependent diabetes involves both genetic and environmental factors [1] and study of the disease in families can provide information about both aspects. Many family studies have been undertaken [2] , but information about childhood diabetes in sibships has been limited. The present report describes a preliminary epidemiological study of 184 families in which diabetes affected two or more siblings before the age of sixteen.
Methods
Complete details of the calculations are available on request from the author: the general principles of the methods employed are described below.
In 1972, the British Diabetic Association started a Register to which notification was invited of all new cases of diabetes in children aged 0-15 years, in Great Britain and Ireland [3] . Diagnostik criteria were not defined and the type of diabetes was not restricted, but 99% of notified patients were treated with insulin. In an epidemiological study based on this register, details were obtained by questionnaire of the numbers and ages of siblings of probands, and the dates of onset of diabetes affecting any siblings, including those affected before 1972.
The distribution of age at onset of diabetes in 326 siblings was compared with the distribution in diabetic children in general based on ages of onset of 3538 cases notified in 1973-5 [4] .
Observed differences in age at onset in 179 sibling pairs were compared with the calculated distribution for random pairs of unrelated diabetic children. For this calculation, probabilities of onset at each age from 0 to 15 years were derived from the relative frequencies at these ages in the general population [4] . Thence, the probabilities of the possible permutations of ages at onset in sibships were calculated. Each of these permutations comprised two ages at onset differing by 0 to 15 years; by grouping permutations with the same age difference, and summating their corresponding probabilities, the probabilities of differences in age at onset of 0 to 15 years were obtained.
Observed differences between dates of onset (discordance intervals) in 179 sibling pairs were compared with the calculated distribution of discordance intervals in pairs of unrelated diabetic children. The difference in age of each reported sibling pair was known, and for a given difference in age the discordance interval depends solely on the difference in age at onset. For each sibling pair, the probabilities of different discordant intervals were therefore calculated for each possible permutation of their ages at onset. Thence, probabilities for discordance intervals of 0-15 years were summated.
To assess the incidence of diabetes in siblings, the number of siblings at risk was estimated. The cumulative frequencies of notified diabetic children at ages 0-15 years was obtained by cumulation of previously determined age specific annual frequencies [4] ; mortality at these ages is low and was ignored. Questionnaires received in respect of 4868 of the 6600 notified patients contained details of the number and ages of patients' siblings, and the age structure of sibships that include a diabetic child was estimated from these data. The numbers and ages of siblings in the families of 100 probands of each age from 1 to 15 years, and the families of the 16 notified probands aged less than a year, were used to compile this estimate which, when adjusted to the cumulative frequencies of notified patients aged 0-15 years, provided an estimate of the number of siblings at risk (Table 1) . Age-specific incidence in siblings was determined by dividing the average numbers ascertained per year by the numbers at risk; prevalence was obtained by cumulating incidence.
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Of the 11 pairs of diabetic twins in the study, 1 was dizygotic, 3 monozygotic, and 7 of unknown zygosity. The dizygotic pair were included for the calculation of incidence in siblings but the rest were omitted (see results).
Patients who develop diabetes after the age of 15 years may have siblings aged 0-15 years but, as the frequency of diabetes after the age of 15 years is poorly documented, patients aged 16 years and over were omitted both from the numbers of ascertained cases in sibships, and from the estimation of the numbers of siblings at risk.
All tests of statistical significance of results employed the conventional Chi-square test.
Results
In an analysis of data available at September 1978, completed questionnaires had been received from 4868 (74%) of 6,600 patients. Diabetes affecting a sibling of a proband was reported in 184 families. There were 378 affected children including 2 diabetic children in 175 families, 3 in 8 families, and 4 in 1 family. In 26 families the age of the index case was not obtained but ages and dates of onset were available for 179 sibling pairs.
The age distribution of age at onset of diabetes in these families (Fig. 1 ) was similar to that in the population as a whole (0.60 < P < 0.70).
If the age at onset were mainly determined by genetic factors, onset in siblings would tend to occur at about the same age. The distribution of differences in age at onset in sib pairs was therefore compared with the distribution expected if ages at onset in sibling pairs were independently determined (Fig. 2) . There was a good fit between observed and expected distribution (0.80 < P < 0.90) indicating independence of ages at onset in sibships.
In a few sibships, the almost simultaneous onset of diabetes suggested the influence of environmental factors. Thus, diabetes affecting two siblings within 4 weeks was reported in 7 families, in three of which, onset occurred in the same week. Simultaneous onset in siblings may also occur by chance and observed discordance intervals were therefore compared with the distribution expected if the time of onset were independently determined in each sibling (Fig. 3) . There was a striking departure from the expected distribution with more than twice the expected number of sibships having a discordance interval of less than 1 year (P < 0.001). Moreover, of the 41 sibling pairs in this category, 32 (78%) had discordance intervals of less than 6 months, nearly 4 times the expected frequency.
The average numbers of diabetic siblings reported per year were related to the estimated numbers at risk to provide an estimate of the incidence in siblings (Table 1) . Although ascertainment was incomplete, in the calculation of incidence the deficit affected both the numerator (diabetic siblings reported) and the denominator (number at risk) to approximately the same extent, since both were based on the frequency of notified cases. Although based on small numbers variation of incidence in siblings with age showed the expected pattern of a major peak at 11 years and a shoulder at about 4 years. The average incidence for ages 0-15 years was 0.36% and the cumulative incidence from 0-15 years indicated a prevalence of 5.6% by the age of 16 years, assuming negligible mortality.
Among the 6,600 notified patients there should be 26 monozygotic twinships (1:250), and 80 dizygotic twinships (1 : 80). Since the prevalence of diabetes in identical twins of juvenile diabetics is about 50% [1] , about 13 pairs of diabetic monozygotic twins would be expected but, in view of the low incidence of childhood diabetes in siblings of diabetics (0.36% per annum), few if any concordant diabetic dizygotic twinships would be expected. In fact, the diabetic sibships ascertained included 11 pairs of twins -3 monozygotic, 1 dizygotic, and 7 of uncertain zygosity which were probably monozygotic. The high incidence of diabetes in monozygotic twins would inflate the estimate of incidence of diabetes in siblings, and for this calculation the dizygotic twinship was therefore included but the other 10 twinships were omitted.
Discussion
The characteristic peaks in the age at onset of insulin dependent diabetes [5] could reflect different levels of genetic susceptibility, but the independence of ages at onset in diabetic sibships suggests that these peaks are more probably due to non-genetic factors. The similarity of the age incidence in siblings to that in the general population, implies that the increased susceptibility of siblings does not result in an earlier age of onset. The age incidence may therefore reflect an increased likelihood of contact with extrinsic aetiological agents at particular ages, or non-genetic intrinsic factors, such as hormonal or growth changes at certain ages, may determine the outcome of contact with extrinsic factors.
The significant excess of short discordance intervals may reflect environmental influence. Selective reporting of twinships and sibships with contemporaneous onset probably contributed to this excess, but it is unlikely to be a major factor. The level of ascertainment of concordant twinships was apparently high, but onset occurred within 6 months in only one of the 11 twinships. Therefore, if the 4-fold excess of sibships with a discordance interval of less than 6 months were due to under-notification of other sibships, it would imply the unlikely supposition that there was a 4-fold difference in the level of ascertainment in the two groups, and that the transition occurred abruptly at a discordance interval of 6 months (Fig. 3) . It would also imply that ascertainment of cases of childhood diabetes, other than those occurring in sibships, was less than 25 %. If this were so, notifications to the register [3] would indicate an incidence in the UK in excess of 30/100,000 per annum, an improbably high incidence compared with that in other Western countries [6, 7] .
Diabetes in children may prompt investigation of sibs and expedite diagnosis of diabetes, but the analysis was based on dates of onset of clinical symptoms, rather than on dates of diagnosis. However, it is possible that the recognition of earlier and milder symptoms of diabetes in a sibling might in some cases reduce the discordance period, but probably by not more than a few months. A discordance interval of less than 6 months in 32/173 sib pairs suggests that in many of these sibships, diabetes occurred within a short period after exposure to an environmental aetiological agent and in at least one of these sibships diabetes followed mumps. If a diabetogenic process is triggered simultaneously in sibships, the discordance interval would reflect variation in the latent period between initiating event and onset. Discordance intervals in sibships with contemporaneous onset therefore provide an estimate of the variability of the latent period, and the results suggest a range of 6-12 months, or within _+ 3-6 months of the median latent period. The longer the latent period, the greater its variability is likely to be, and the narrow range indicated suggests that, in these patients, it is unlikely to be much more than a year. It may be less.
Published incidence data for diabetes in children are limited and conflicting and there may be racial, national and socioeconomic [6, 7, 8] variations. Perhaps the best data for a European country are from Copenhagen [7] , where ascertainment was thought to be virtually 100%, showing an incidence in the 0-14 year age group of 13.7/100,000 per annum. This incidence would imply a prevalence at age 16 of 0.22%. Compared with the estimated prevalence of diabetes in siblings of 5.6% by the age of 16 years this suggests that siblings of diabetics are 26 times more likely to develop diabetes than other children. This is higher than the estimate of Simpson [9] who found a 15-fold increased incidence of diabetes in 0-19 year old siblings of young onset diabetes. The reason for the discrepancy is uncertain but the present estimate of the incidence in siblings may be inflated by selective reporting or the incidence in the population may be higher than estimates suggest.
Two ways in which the aetiology of insulin dependent diabetes might be elucidated are prospective studies, in which non-diabetic siblings of diabetics are followed with a view to identifying the triggering events at or before onset of diabetes, and retrospective studies, in which extrinsic aetiological factors are sought after onset of diabetes. Our results suggest that the incidence of diabetes in siblings of juvenile diabetics is only about 1 in 280 per annum, and that coincidence of onset of diabetes with an extrinsic triggering event is a very rare occurrence. Either approach therefore presents a daunting prospect, but there is probably no easy solution, and it is both remarkable and encouraging that, in two recent applications of the retrospective approach, an apparently causative virus has been identified [10, 11] .
